The main aim of this study was a deeper understanding of the nuclear structure properties of the soft dipole modes in 140 Ce, excited via inelastic scattering of weakly bound 17 O projectiles. An important aim was to investigate the 'splitting' of the PDR into two parts: a low-energy isoscalar component dominated by neutron-skin oscillations and a higher-energy component lying on the tail of the giant dipole resonance of a rather isovector character. This was already observed for this nucleus, investigated in (α, α′) and (γ, γ′) experiments. The experiment was performed at Laboratori Nazionali di Legnaro, Italy. Inelastic scattering of 17 O ion beam at − 20 MeV A 1 was used to excite the resonance modes in the 140 Ce target. Gamma-rays were registered by five triple clusters of AGATA-Demonstrator and nine large volume scintillators (LaBr 3 ). The scattered 17 O ions were identified by two Δ − E E Si telescopes of the TRACE array mounted inside the scattering chamber. The telescopes consisted of two segmented Si-pad detectors, each of 60 pixels. Very preliminary data have shown a strong domination of the E1 transitions in the 'pygmy' region with a character more similar to the one obtained in alpha scattering experiment.
Introduction
The electric dipole (E1) strength in atomic nuclei is dominated by the isovector giant dipole resonance (IVGDR). It is the most studied giant resonance (GR) and is interpreted as a collective dipole oscillation of protons versus neutrons. Study of the GRs provides useful information on nuclear structure and on the effective nucleon-nucleon interaction [1] . Almost 100% of the E1 isovector energy-weighted sum rule (IVEWSR) is concentrated in the IVGDR. However, small fraction of E1 transitions (∼1-3%) was observed around the particle threshold below IVGDR, and associated to so-called 'pygmy dipole resonance' (PDR). The phenomenon was interpreted according to the hydro-dynamical model as a collective oscillation of neutron skin against the isospin saturated core of the nucleus [2, 3] . At present, the origin of the 'pygmy' states is still under debate [4] , given that many microscopic calculations can qualitatively reproduce the experimental data but the dominant underlying structure of the calculated wave functions are different in various models.
The PDR is considered to be a very significant phenomenon. The low-lying dipole strength plays a very important role in prediction of radiative neutron capture rates of r-process nucleosynthesis and thus in elemental abundance distributions [5] . It is also found to show a correlation between neutron skin thickness and the symmetry energy of the equation of state [6] .
The Nuclear Resonance Fluorescence (NRF) [7] and alpha particle scattering experiments [8] for the 140 Ce nucleus have shown the two kinds of 'pygmy' states: low-and highenergy region. This observation was interpreted in terms of different properties of applied probes: the isospin character and the sensitivity to the radial transition density. The electromagnetic field of photons interacts with the whole nucleus and excites the isovector states while the alpha particle excites the isoscalar transitions peaked at the surface of the nucleus.
That is why we have decided to study the isospin composition of the low-lying E1 states with different probes, like heavy ions [9] . As the 17 O has isospin close to zero, which is similar to alpha particles, we expect to populate mainly the isoscalar states with possible isovector mixing. However, due to a different sensitivity to radial transition density compared to alpha particles, one might expect a different interaction mechanism, e.g. more surface like. This might be manifested by a stronger selectivity in populating the 'isoscalar' states in comparison to alpha particle scattering. 16 O which can be easily separated, as will be shown later. Figure 1 shows the configuration of the detectors. The scattered 17 O ions were detected by two ΔE-E silicon telescopes of the TRACE project [10] , mounted inside the scattering chamber at an angle of°9 with respect to the beam axis on the left and right sides. The telescopes consisted of 2 segmented Si-pad detectors, each made of 60 pixels (with a pixel size of 4 × 4 mm 2 ) covering an active area of × 20 50 mm 2 . The resulting solid angle for the Si telescope was 100 msr. The example of the ΔE-TKE matrix for one pad is shown in figure 2 . There is a clear mass separation between oxygen istopes demonstrated on the right panel.
Experimental setup
Gamma-rays were registered by the two independent systems. One consisted of 5 triple clusters of AGATADemonstrator (AD) which is a state-of-art high purity germanium (HPGe) detector [11, 12] . Application of AGATADemonstrator includes powerful algorithms which allow first, the identification of the point of interaction between γ and Ge crystal (Pulse Shape Analysis, PSA), and second, the reconstruction of the path of the γ inside the detector (tracking). The second detection system included 9 large volume scintillators (LaBr 3 ) of HECTOR+ array [13, 14] . LaBr 3 demonstrates the best energy resolution of all scintillation detectors [15] . The detectors were mounted on the AD mechanical frame, at a distance of ∼20 cm from the target position, resulting in a full energy peak efficiency of ∼0.8% at 10 MeV.
Preliminary results
In this paper, the results of γ spectroscopy study are shown for ∼80% of the data collected with AGATA- Demonstrator. The analysis of the data from HECTOR+ is in progress.
The identification of the 17 O scattering channel was done at the base of the ΔE-TKE matrices for each pad of the silicone detectors (see figure 2) . It was done by plotting the twodimensional histograms of the energy deposited in the first layer of the Si detectors (ΔE) versus total kinetic energy (TKE) deposited in both layers. As seen in figure 2, 17 O can be easily separated from other nuclei, in particular 16 O.
The Doppler shift correction of γ-rays from 140 Ce was performed in event-by-event mode. The angle between γ and recoil was measured using the position sensitivity of AGATA and silicon detectors. The angle for the velocity vector of the target nucleus was estimated at the base of measurement for 17 O detected in Si detectors and then calculated using the reaction kinematics. The velocities of 17 O and 140 Ce nuclei required for calculations were simulated using LISE package and set constant as v/c( 17 O) = 0.203 and v/c( 140 Ce) = 0.005 28. The example of the Doppler correction is shown in figure 3 . As it can be seen for the strong transition at 3118 keV in 140 Ce, the Doppler effect resulted in splitting of the peak, which is associated with registration of scattered 17 O by the Si detectors at different positions. After proceeding with the correction (red line) the energy of the centroid is adjusted and the broadening effect significantly reduced.
In order to select only transitions to the ground state, it is possible to use the coincidence matrix between energy of the γ-rays and excitation energy. This is done by plotting the twodimensional histogram of the γ energy measured in AGATA and the total kinetic energy loss (TKEL) parameter (figure 4), that had been calculated as a difference between TKE measured in silicone detectors and the energy of the elastic event (337 MeV). Then, TKEL can be considered as an excitation energy of the target nucleus.
It was possible to suppress the transitions to higher-lying states by setting the condition of γ energy equal to excitation energy (red line). The bottom right part of the matrix is associated to the transitions to the higher-lying states (e.g. green line for the transitions to the + 2 states), while the top left part is associated with the random coincidences of an elastic scattering event.
The resulting γ spectrum obtained from AGATA is shown in figure 5 . For comparison, 'pygmy' transitions obtained in (α, α′) [8] and (γ, γ′) [7] experiments are also included. At this stage of the analysis, with limited statistics, it can be observed that the most of the transitions seen in (α, α′) experiment (blue lines) and identified as 'isoscalar' are also present using ( 17 O, 17 O') scattering. On the other hand, a few states observed in γ scattering experiment (red line) but not observed with alpha scattering technique seem to be present in our spectrum. This will be evaluated while the full statistics from the entire experiment are being retrieved.
Due to position sensitivity of AGATA and TRACE arrays it was possible to estimate the angular distributions between the emitted γ and the recoiling 140 Ce nucleus. The expected theoretical trends for the E1 and E2 transitions were calculated at the base of the equations from the [16] . The result for the first excited After setting the gates on the angular intervals corresponding to the dipole (°65 -°115 ) and quadrupole (°15 -°64 and°116 -°165 ) transitions, it was possible to obtain the γ spectra according to multipolarity. As it is shown in figure 7 , there is a significant domination of E1 transitions in the 'pygmy' energy region. 
Summary
The inelastic scattering of 17 O was used to study the resonance modes in 140 Ce nucleus and in particular the so-called pygmy dipole resonance. Due to excellent position resolution of AGATA-Demonstrator and TRACE array it was possible not only to perform a precise Doppler shift correction and background removal, but also to demonstrate sensitivity to multipolarity.
Very preliminary results of our study have shown a strong domination of E1 type transitions in the region of 'pygmy' energies. The observed transitions seem to be similar to that observed previously in alpha particle scattering experiments. However, some indication of possible 'isovector' states is also visible. This will soon be confirmed as the analysis is still in progress (∼20% of the data not analysed yet). Moreover, the analogous data from the HECTOR+ array will soon be ready for comparison.
